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SUMMARY We transplanted neonatal hamster renal tissue into a hamster cheek pouch chamber and subjected the renal tissue to increases and decreases in extravascular pressure. A decrease in extravascular pressure decreased, and an increase in extravascular pressure increased, the diameter of preglomerular arterioles. Thus, the change in preglomerular arteriolar diameter was directly related to alterations in extravascular pressure. Neither saralasin nor indomethacin affected these changes, whereas papaverin prevented them. The efferent arterioles responded passively to changes in extravascular pressure; i.e., the changes in their diameter were inversely related to changes in extravascular myogenic autoregulation of preglomerular vessels. CircRes 47: [226] [227] [228] [229] [230] 1980 DESPITE the demonstration by Hartmann and associates (1936) more than 40 years ago that the kidney can maintain its blood flow over a wide range of pressures, there is still no consensus as to the possible mechanism(s) that are involved in this autoregulatory behavior. Of the many mechanisms that have been evoked to explain renal autoregulation, the present controversy centers around the relative importance of the myogenic hypothesis and what is now termed the distal tubule-glomerular feedback (DT-GFB) hypothesis. The myogenic hypothesis has been reviewed recently by Johnson (1977) and the DT-GFB hypothesis by Navar (1978) . Although both hypotheses are consistent with the well-documented observation that autoregulation is the result of changes in preglomerular vascular resistance, they attribute the changes to very different stimuli. The myogenic hypothesis contends that the changes in vascular resistance result from changes in vascular transmural pressure or tension, whereas the DT-GFB hypothesis states that distal tubule flow is monitored by the macula densa which, through a still unknown mechanism, modulates preglomerular resistance. Although there is substantial indirect evidence to support the myogenic hypothesis, considerable attention has been given to the DT-GFB hypothesis in recent years, particularly since the availability of micropuncture techniques allows one to test the hypothesis directly. In contrast, it has been difficult to test directly the myogenic hypothesis.
Over the past several years, this laboratory has been pursuing studies on the microcirculation of renal and other tissues which have been transplanted into a chamber that is placed in the hamster cheek pouch (Click et al., 1979) . Transillumination of the chamber permits direct visualization of the transplanted renal microcirculation. Since the chamber can be sealed, it provides the opportunity to observe the response of pre-and postglomerular vessels to alterations in extravascular pressure. The results of these studies provide the first direct visual demonstration of autoregulation of the renal microcirculation which is best explained by a myogenic mechanism. A preliminary report of this work has been presented (Cornish et al., 1979) .
Methods
Renal tissue from newborn hamsters (24 hours) was grafted into the cheek pouch of 52 adult hamsters according to the technique described previously (Click et al., 1979) . Seven to 14 days later, the animals were anestheteized with chloral hydrate (400 mg/kg, ip). The trachea and one carotid artery and femoral vein were cannulated. The hamster then was placed on a microscope stage and the chamber perfused with Ringer's bicarbonate solution which had been gassed with 95% O 2 , 5% CO 2 and warmed to 37°C. The chamber was perfused at a rate of 10 ml/min for at least 10 minutes. The pH, Po 2 , and Pco 2 were maintained at approximately 7.4, 80, and 35 mm Hg, respectively. These values were essentially unchanged when measured in the solution from the sealed chambers. Figure 1 shows a schematic diagram of the preparation employed. To vary pressure in the chamber(s), we turned the stopcock connecting the chamber (c) and pressure reservoir (pr) so that the pressure reservoir was opened into the cheek pouch chamber. The appro-priate positive or negative pressure then was applied through the syringe in the pressure reservoir and this pressure recorded using the pressure transducer. The light rod (lr) permitted transillumination and visualization of the tissue. Figure 2 is a microphotograph of a glomerulus of a renal transplant.
A step pulse of positive or negative pressure (10-15 mm Hg) was applied to the chamber while blood vessel diameter was measured continuously with a Vicker's image shearer connected to a Zeiss microscope and monitored by closed-circuit television. Carotid blood pressure was measured continuously using a Statham transducer. When employed, saralasin (40 /xg), angiotensin II (A II) (5-iso-angiotensin II), (40 jug), and indomethacin (2 mg/kg) were administered intravenously, whereas papaverine (15 mg) was suffused through the chamber.
To ensure a complete A II block, it was given via the femoral catheter and the change in arterial blood pressure recorded. Saralasin then was administered, and this was followed by a challenging injection of A II. The lack of a blood pressure response to the second injection of A II was consid-. ered evidence for complete A II blockade by saralasin. Additional saralasin (followed by A II) was administered as necessary to ensure continuous blockade.
The vessels studied were categorized as preafferent, afferent, and efferent arterioles. The preafferent arterioles were those that gave off two or more afferent arterioles and were at least 100 /im from any glomerulus. The afferent and efferent arterioles were those unbranched arterioles entering and leaving the glomerulus, respectively.
All data were analyzed using a one-way analysis of variance and Scheffe's critical range test to determine significant changes from control values. 
Results
Technically successful experiments were done on 18 transplanted renal tissues. Figure 3 shows a representative experiment in which a preafferent arteriole was studied. Applications of positive presure in the chamber produced a rapid increase in vessel diameter, whereas application of a negative pressure produced a rapid decrease. Negative pressures invariably produced a greater effect than positive pressures on vessel diameter. These changes in diameter were seldom preceded by an observable § V) V) initial passive change due to the applied pressure. Also, there was no indication of a reactive hyperemic response following withdrawal of the negative pressure. The responses of the preafferent vessels to changes in chamber pressure are summarized in Figure 4 .
The response of the afferent arteriole mimicked that of the preafferent arteriole ( Fig. 5 ) with increases in chamber pressure increasing arteriolar diameter and decreases in chamber pressure decreasing arteriolar diameter. However, unlike the preafferent and afferent arterioles, the efferent arterioles responded passively to the application of either positive or negative pressure, i.e., increases in chamber pressure decreased arteriolar diameter. Figure 6 shows the response of these vessels to the application of positive pressure. In some instances, the responses of large arterioles in the renal transplant were examined. Figure  7 shows the responses observed in two 40-jum preafferent arterioles (A and B), as well as the response of a cheek pouch arteriole of the same size (C). It would appear from these observations that the vascular responses to alterations in chamber pressure are not confined just to those renal arterioles in the immediate vicinity of the glomerulus.
The autoregulatory responses of the preafferent and afferent arterioles to alterations in the extravascular pressure were blocked by papaverine (Figs.  8, 9 ) but not by saralasin (Figs. 10, 11 ) or indomethacin (Fig. 12) . In the latter figure, the data for both the preafferent and afferent vessels have been pooled. In fact, at times it appeared that saralasin and indomethacin may have augmented the responses.
Discussion
The experiments presented above clearly and directly demonstrate an autoregulatory response of the preglomerular vessels of the renal microcirculation in response to alterations in extravascular pressure. Since the autoregulatory responses still occurred in the presence of indomethacin and saralasin, it would follow that neither the prostaglandins nor A II is involved in, or at least necessary for, the response. The findings would lead one to discard the possibility that either the tissue pressure or cell separation mechanisms are playing an important role. The tissue pressure hypothesis (Hinshaw et al., 1959) would predict that positive extravascular pressure would decrease and negative extravascular pressure would increase vessel diameter. The opposite effects were found for the preafferent and afferent vessels. The cell separation hypothesis (Pappenheimer and Kinter, 1956 ) evokes a blood flow redistribution mechanism that has no relevance to the present study. Although the studies SECONDS 0 30 60 90 0 30 60 90 2 0 .
a. do not rule out some contribution of a metabolic mechanism, the rapidity of the onset of response, lack of an observable initial passive response to the change in extravascular pressure and the failure to observe a reactive hyperemic response following removal of an applied extravascular negative pressure would tend to discount any significant metabolic contribution to the autoregulatory responses observed. It is possible that the changes in vessel diameter induced by altering extravascular pressure were related to a DT-GFB mechanism. It has been shown clearly that filtration takes place across the glomeruli of the transplanted renal tissue (Oestermeyer and Bloch, 1977) so that changes in extravascular pressure would be expected to change glomerular filtration rate (GFR) in the appropriate direction. 
FIGURE 11
The effect of saralasin (SAR) on the responses of the afferent arterioles to changes in chamber pressure. Control diameter, 13.6 ± 9.1 fan.
